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BACXGROUND OF THE INVENTION 

TechhicaJ Field: 
The technical field relate^ 
capture and use of a hydrogel foi anaJyte detecting devices. 
Background Aitr 

Test strips arc kpown in the medicaJ heaijh-caie producls indu^ 
levels.sucb as butnot Kmiicd to, glucose levels m blood. For this type of analysis, a drop of 
blood is typically obtained by.roaking a small incision in the fingertip, creating a small wound, 
which generates a small blood droplet on Ihe surface of the skin. A test strip is brought by the 
user to the Wood droplet at the wound and engaged in a maimer to bring blood to an analysis site 
on the test strip. The test strip is then coupled to a metering device which typically uses, an 
electrocbenrical lechmqne to delcmiine the anjount of gh»cose in the blood. 

Early methods of using test strips required a relatively substantial vohinie of blood to 
obtain an accurate glucose measurement. This large Wood requirement made the monitoring 
experience a painliil one for the user since the user may need to lance deeper than comfortable to 
obtain sufficient blood generation. Alternatively, if insufficient blood is spontaneously 
generated, Ihe user may need to "milk" the wound to squeeze enough blood to the skin surface. 
Neither method is desirable as they lake additional user effort and may be^yamfyl. The 
<liscomfort and inconvenience associated with such lancing events may deter a user Irom testing 
Iheir blood glucose levels in a rigorous manner sufficient to control their diabetes. 

A jiirlher hnpediment to patient compliaiice is the amount of time that it takes for a 
glucoscmea.^aremenl to be completed.. Known devices can lake a substantial amount of lime to 
anive at a glucose level. The more time it takes to arrive at a measurement, the less the likely 
that Ihe user will stay with iheir testing regime. A fiirther impediment to patient compliance is 
the amount of time that at lower vohmies, it becomes even more important that blood or olher 
fluid sample be directed to a measurement device without being wasted or spilled along the way. 
Known devices do not effectively handle Ihe low sample vphunes in an eflicicnl manner. 
Accordingly, improved sensing devices are desired to increase user compliance and reduce the 
hurdles associated with analyte measmemenl. Some of the improvements in analyle delecting 
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devices may also be exteaded to devices fox delecting analytes in other areas such as^ but not 
limited to, cardiac markers. 

• * - ' J • _ - • 

SUMMARY OF TPJE INVE^ . 
The present invention provides sohjtions for at least spme of the drawbacks discussed 
above. Specifically, some embodiments of the present invention provide an improved apparahis 
for measuring analyte levels in a body fluid. The present invention also provided imiproved 
techniques for sample capture used with such analyte detecting devices. The present invention • 

' ' " ■ * . • " ' • . 

also provides improved hydrogels for use in deiecthig cardiac markers At least some of these 
and other objectives described herein will be met by embodiments of the present invention. 

In one embodiment of the present invention, a device having a 3D hydrogel is provided 
The device maybe an analyte detecting member having at least one electrode and a printable 
hydrogel of a hydrogel coaling over the electrode for detection of a cardiac marker. 
Microfluidics may be coupled to the hydrogel for drawing sample fluid to the hydrogel over the 
electrode, wherein the hydrogel has materials for controlling hydrogel swelling, hi some 
embodimenis, a plurality of electrodes formed oh a radial cartridge. 

In another embodiment of the present invention, a device having a 3D hydrogel is 
provided. The present embodiment may inchrde an electrode; a printable hydrogel or a hydrogel 
coating over the electrode for detection of a cardiac marker, and microfluidics coupled to the 
hydrogel for drawing sample fluid to the hydrogel over the electrode; wherein the hydrogel 
comprises a UV-curable, screen-printable functionalized hydrogel formulation. 

In another embodiment of the present invention, a deyice.havirig a hydrogel is provided. 
The device may include an electrode; a printable hydrogel or a hydrogel coating over the 
electrode for detection of a cardiac marker; and microfluidfics coupled to the hydrogel for 
drawing sample fluid to the hydrogel over the electrode; wherein low inolecuJar weight cross- 
linkers were \ised in the hydrogel. 

In another embodiment of the present invention, a device having a 3D hydrogel is 
provided. The device may include an electrode; printable hydrogel or a hydrogel coating over 
the electrode for detection of a cardiac riiaiker such as H-FABP; and microfluidics coupled to 
the hydrogel for drawing sample fluid to the hydrogel over the electrode. The electrodes may be 
provided on a radial cartridge and form a phirahty of anaJyte delecting members on Die 
cartridge. 
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In another embodimehl of the present invention, a device having a hydrogel is provided. 
The device may include an electrode; printable hydrogel or a hydrogel coating over tlie electrode 
for detection of a cardiac markar, and microfluidics coupled to the hydrogel for drawing sample . 
fluid to the hydrogel over the electrode; wherein the hydrogel includes a vijjyl Anctionalized 

• ' * ■ ■ ■ ^ ■ • ' _ 

polymer. The printing of the working electrode may use a composition: 50% mediator / 1 00% 
buffer compounds / 50% GOD. Other em^odiinpnts may have PEOs in the hydrogel with 
molecular weight between 2,000 and 100,000 g/mpL 

In another embodiment of the present invention, a device having a 3D hydrogel is 
provided. The device may inchide an electrode; printable hydrogel or a hydrogel coating over 
the electrode for detection of a cardiac marker; and microfluidics toupled to the hydrogel for 
drawing sample fluid to the hydrogel over the electrode: 

In another embodiment of the present invention, a method for forming an analyte 
detector. The method may include using a hmctionahsed, high molecular weight cross-Jinkers, 
which can be a thickeuer on the one hand and cross-h'nkex in combination with added monomers 
in solution to create a printable formulation; screen-printing the formulation; drying the 
formulation; and UV curing the formulation, which induces the formation of ^ cross-linked 
matrix and minimizes the thennal strain on the sensor by using UV curing. The method may 
further include thennal diying of the aqueous matrix by means of moderate IR radiation. 

In another embodiment of the present invention, a method for fonning an analyte 
detector. The method may inchide fomiiilating polymer dispersions based on a rheological 
additive (thickener) and .a(n aqueous) solution mainly consisting of low molecular weight mono- 
and polyfimclional monomers to create the formulation; screen-printing the fonnulation; drying 
the formulation; and UV curing the fonnulation, which induces the formation of a cross-linked 
matrix and minimizes the thoroal strain on the.sensor by using UV curing. 

A fiirtherunderstanding of the nature and advantages of the invention will become 
apparent by reference to the remaining portions of the specification and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 shows a synthesis of vinyl-terminated polyethyleneoxides. 
Figtiie 2: shows tised monomers,. cross-linkers, and rheological additives. 
Figure 3 shows flow curves of aqueous solutions of PVP. 

Figures 4 and 5 shows swelling rales of hydrogels according to the present invention. 
Figure 6 sJiows swelling rates of hydrogels incorporating diffeient rlieological additives. 
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Figure 7 shows swelling rates of other hydrogels according to the present invention. 
Figure 8 shows swelling rales of other hydrogels with variation of cross-linking density 
. - according I0 the present invention. 

Figure 9 shows sweMiiig rates of hydrogels with varying siiTfaclantsAvetling agents. 
5 Figures 1 0 and 1 1 show swelJing rates for hydrogejs with different foaming agents. 

Figures 12 and 13 show swelling rates for hydrogels in different buffers. 

Figures 14 and 15 show swelling rates for hydrogels according to the present invention 

• ' ■ . . , • ■ ■ - _ • . *. . ; 

Figure 1 6 showis a photornitator for use with the present invention. 
Figures 17A -17C show other top-down views of embodiments of the present invention. 
10; Figures 1 8A and 1 8B show exploded perspective views of embodiments of the present . 

invention. 

Figures ^9A through. 19C show cross-sectional views of sample capture devices. 

Figure 20 shows a cross-Wctibnal view of a sample captiirc device. 

Figure 21 is a jlowr chart showing one method according to the present invention. 

15. ■ . ■ ; • 

DESCRIPTIpN OF THE SPECIFIC EMBODDV^ 
. . It is to be understood that both the foregoing general description and the following 
detailed description are exemplary and explanatory only and are not restrictive of the invention, 
as claimed. It may be noted that, as used in the specification and the appended claims, the 

20 singular fom^s ' V, "an'* arid, "the" include plural referents wiless the context clearly dictates 
otherwise. Thus, for example,.reference to '*a material*' may include mixtures of materials, 
reference to "a chamber" may. include midliple chambers, and the like: References cited herein 
are hereby incorporated by reference in their entirety, except to the extent that they conflict with 
teachings explicit ly set forth in this specification. 

25 In this specification and in the claims which follow, reference will be made to a number 

of terms which shall be defined to have the following meanings: 

"Optional" or "optionally" means ibat the subsequently described circmnstance may or 
. may not occtir, so that the description includes instances where the circumstance occurs and 
instances where it does not. For exainple, if a device optionally contains a featmre for analyzing 

30 a blood sample, this means that the analysis featuie may or riiay not be present, and, thus, the 
description includes stmcUues wheiebi a device possesses the analysis featnre and structures 
wherein the analysis feature is not present. 
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The use of hydrophilic, linear and therefore water-soluble polymers as compounds for 
bipsensofs has been intaisively described in the patent literature such as cellulose derivatives 
like hydroxy ethyl cellulose or carl>oxymethylcellulose, p and homo or copolymers, 

based on vinyl monomers such as (meth) acrylic add and their derivatives. These substances 
result in highly viscous liquids in aqueous solution which can be used as a bases for screen- 
printable fluids being the binder for the enzyme compound for immobilization on the reaction 
zone of the sensor or sorbent for the analyte solution. A major drawback may be the water- 
solubility of the polymer allowing no size exclusion for particles which may cause interference. 
Cross^linked hydrophilic jjolymer matrices have only been described in a few patents: The use 
of polymer resins having stilbazomum or cynnamyl functionality was described CrossOinkirig 
was achieved pholochemically. The application via sareen-printing has not been published so 



far. 



Although not limited to the following, the application of hydrogel precureors is possible 
by two different methods. One approach uses functionalized, high molecular weight cross- 
15 Jii^ers, which can be thickener on the one hand and cross-linker in combination 

monomers in solution on the other hand. Another approach uses the formulation of polymer 
dispersions based on a iheological additive (thickener) and a(n aqueous) solution mainly 
consisting of low molecular weight mono- and polyfunctional monoiners. 

hi both cases the screen-printing process is followed by a drying and curing procedure, 
20 which induces !he fonnalion of the cross-linked matrix. In order to minimize the thennal- strain 
on the sensor, UV curing is obligatory. A subsequent thennal drying of the aqueous matrix by 
means of moderate IR radiation enables the a high reproducibihty in the manufacturing process. 

All compounds used for ihe hydrogel precursors may be based oji commercially 
available - if possible, industrially used - monomers and polymers, the resulting matrices may 
be available by applying non-sophisticated organic syntheses in the lab. Simultaneously to the 
screen^printing experiments, the mataials may be available . by Iheimal polymerization resulting 
in polymer materials on a multigram.scale for jurlher lab experiments. 

ThermaJly initiated polymerization experiments may be performed using common 
catalyst^initiator systems for the synthesis of hydrogel such as ammom'um peroxodisulfate 
(APSytetramelhylelhylenediamine (TEMED) ^hich is.widely used for electrophoresis gels on 
the basis of acrylamide. 
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One iswe for the peribnnance of sudj polymer sl^^ 
the anaJyte dotation as well as the weltabjlity of the surface. Therefoie, swelling experiments 

wereperfonned. 

In one embodiraejat, the protocol may include: 

y ' monomer, cross-KnkCT (in substance or s^^^ 

as further additives are mixed in a 50 ml PE tube 

• . TEMED (normally l .mol-%) is added to the mixtwe and vortexed 

20 wt-% APS aqueous soliition (normally 0.5 mol-%) is added, the mixture is 
vigorously vortexed and filled in portions of 1.2 m) into PE moW^ 
0 - . the polymerization is performed at ambient temperature 

the lensrshaped hydrogel samples are dried at 95^C in a thying oven 
. . the dried lenses are swollen in PBS buffer (1 0 mM phospate, 1 54 mM NaCl, pH 
7) and the buffer uptake is gravimetrically monitored 

15 .MacranM)leculaTcross-ljnkeis(macromeis)asrheologicaladditW^ 

Terminally vinyl-fimctionalized polyelhers are widely used in UV-cnrable coatings: The 
polymers are mainly based on non-water-sohible poly(ethyleneoMde-propyleneoxide) 
copolymers.Byusingbighmolecn)arweigbt.polyethyleneo«des(PEOs) as basic polymers, the 
vinyl ftnctionaBsation results in analogous water sohible substances. The molecular weight 

20 dfetribution of high molecular weight PEOs is generally narrow dne the maiiufacturing process 
so that the limctionahsition of these substances should allow the synthesis of roolecularly 

homogeneous products being thickracr and crosslinkcar at the same time. 

A simple method for the synthesis of vinyl-terminated PEOs is the reaction with 

diisocyanates and the subsequent treatment with vinylhydroxy compounds such as hydroxyethyl 

25 roethacrylamte (HEMA). 

PEOs with molecular weight between 2,000 and 1 00.000 g/mol were chosen fpr this 

purpose ahd were solved inmethylene chloride and treated with a Uvo-fold excess of aliphatic 
(FDl: isophorone diisocyanate) or aromatic diisocyanate (TDl: tolonlene diisocyanate) in the 
presence of a homogeneous tin catalyst (dibutyl tin dilawale) as shown in Figure 1 . 
30 Apsgl from the PEO^di isoc>^nate-lIEMA macromers. several finther macromers were 

synthesized by using ethylene glycol as bi-fimct.onal, trimelbylol propane as tri-fiinctional and 
p-pbenylene diamine as letra-ftmctional chain extenders to achieve an increase in molecular 
weight and branching. 
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Tl»e qnimtitafive converaon of the diispcyanales was fcv^^^^^^ 
of the NCO-vahje - the chain extender ^as opticmally added and stirr^ for two hours at 
ambient (exnperahire-, quenched with an excess of HHWA and ftftdjy.stirred for four horns at 
.room temperature, m products were isoJaled in yields of.85 to 99%. The resuJting while " 
5 . fibrous powders received aflerdiying in vacuum were highly^ 

An overview of the results is given in Table 1. Theprodncts were dissolved in water.(20 
wl-%) and the viscosity was measwed.at ambient temperature at a shear rale of approx. 500 J/s 
(1.06 1/s in case of the PEO 100,000 g&nol). 

Referring now to the embodiinent shown in Figure 1, a two^epK.ne-pot synthesis of 
10 vinyHenriinated polyethyleneoxides is shown. Table 1 show? an overview of the synthesized 
PEO based macromeis. 

Non-fenclionali2ed PEOs and vinyl-ftnctionalizedPEOs of comparable molecular 
weight achieved corop^ble viscosity. Apart from the 1 00,000 g/mol PEO, all 20 wt-% - . . 
polyelhylenoxides sphitions showed relatively low dynamic viscosity, which limits their use as 
5 rheological additive. Even the vise of chain extenders led not to a significant increase in 

viscosity. In order to study the pedbnnance as cr,«s-hnldng agents, hydrogels were synthesized 
with HEMA as monomer: 

According to the protocol, hydrogels were synthesized using 50 wt-% macromer aiid 50 
wt-% HEMA. Subsequently,swellin8 experimentslwere performed in PBS buffer and the buffer 
0 uptake detemiined alter 1 and 48 horns. 

Referring now to Table, 2, the swelling expcrimentsin PBS buffer of hydrogels based on 
50 wt.-%macromer and 50 wl.-% HEMA is shown. " • 

TTie detemiined equilibrium swelling ratio (Q48h) was g«,exally low. hi case of the use 
as biosensor layer a fast liquid uirtake is obligatory. According to the Klerature, thes^ 
formulation are so called snperabsorbents allowing an equilibrium water uptake of at least 20. A 
maximum Q48h of 5.4 indicated that these formulations are not suitable for this jimpose. No 
cross-linking occmred by using the PEOl 00.000 (comment: as well as the 
PEO20.000/roviMP) derivaliva Probably the ammmt of monomer was too low to achieve a 
gel fonnalion. Conespondingly. acrylaimde vt^ used monomer, (see Table 3). 

Referring now lo Table 3. swelling experiments in PBS buffer of hydrogels based on 50 
w'-%raaoomeraiid50wl.-%acrylaTOidewiJlnowbedescnbed. 

Again, the high molecular weight macromer led not to a cross-Jinked sln.ctiue. The 
equil,b„nm swcUmg ratio was higher in comparison w,.h the hydrogels incorpoia.ing HEMA. 
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The swollen gels showed a viscous flow so that the roeasuremenl of the Q48h was in some cases 
not possible indicating a poor cross- linking density. 

In one onbodiihent, the aciylarnide/macromer molar raUo was 
by using the PEO10,0G0 and 20,0()0-IPD1-HEMA deriva^^^ 
5 Refc^gnow to Table 4, swelling experiments in PBS 

acrylamide/macromer ratio ~ PEO 2p>()00 macromer will n^ 

Refening now to Table 5, swelling experiments in PBS buffer - Variation of 
acrylamide/macroroer ratio - PEO 1 0,000 macroirfer will ho^ 

No CTOss-Hnldng occiired by using a molar ratio .60 or 125 for both macromers. 
1 0 Significantly higher equilibrium swelhng ratio was achieved by using acrylamide instead.of 
HEMA. Nevertheless, the Qlh values of 1 to 2.4 vary too low to allow a sufficient swelling 

velocity on top of a sensor surface. Analogously performed experiments using the PEOl 00,000 

• . ■ • • • . . " 

derivative led not to a reproducible pross-linking independently on the amount of acrylamide 

used. Partially the no cross-linking occnned, partially, the hydrogel structures very brittle and 

15 showed viscous flow.after short swelling times. . 

• ' - " ■ < ■ • ■ ' 

In one embodiment, the synthesis of vinyl: terminated macromers resulted not m 

substances that enable the forinulation of screen-printable hydrogel precmsors. Whereas the 
molecular weight may be not higher than 20,000 g/mol to allow cross-linking, the amount of 
cross^linker in the formulation had to be extremely high to achieve a sofiicienl viscosity of the 
20 resulting paste. 

Scrfeen-prinlable dispersion containing a Theological additive and low molecular weight 
monomers and cross-linkers 

in one embodiment, as aii alternative to the high molecular wagbt cross-linkers, low 
25 molecular weight cross-linkers can be used in combination with lineiur high molecular weight 
polymers as thickener/lhixopropic additive to adjust the optimum rheological behaviour of the 
paste. Durijig cross-finking, the water-soluble polymer will be entrapped in the formed hydrogel 
matrix to fonn a so called semi-interpenetrating network . 

hi one embodiment, aciylamide, acrylic acid and its sodium and potassium salt, which 
30 are widely used for themost formulations of industrial suberabsorbents, were used for this 
purpose. Melhylenediacrylamide (MDA) and ethylenedimethacrylate (EDM) were utilised as 
cjoss-Jjjikeis. The rheologial additives were polyvinylpyrrolidone (PVP), polyeihyleneoxide 
(PEO), Jiydroxyethyl cellulose (REC) as well as carboxymethylcellulose (CMC, see Figure 2). 
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Referring now to the embodiment, of Figure 2, used monomers, cro^s^jinkers and 
rheologjcal additives are described. 

' • . 

Influ^ce of the rheologjcal additive 
5 . In preliminary experiments higli molecular wdght polyvinyl p>^ 

due to the fact that this polymer had been used in-house for the hydrophilic m^brane of one 
embodiment of the analyte detecting member as the optimum iilm former. The pojynier is highly 
water-sohiWe and therefore, it can be used in high co;)centrations. The following Figure 3 shows 
the flow curves of aqueous sohitions of 10, 20 and 30 wt-%PW (1^ 

.10 ReferringnowtoFigurc3, flow curves ofaqueous solutions of 10, 20 and 30 wtj-% PVP 

(1,300,000 g/ml) are described. ; 

Mostly, polymer dispersions applied by means of screen-printing shqw stnictiiral viscous 
of thixolropic behaviour- Thus, the viscosity of the fluid decreases with increasing shear stress, 
and increases spontaneously (structural viscous) or after a period of relaxation time 

1 5 . (thixothropic) when the shear stress is decreased. Owing to the capillaries in the used screens = 
(diameters in the range of 1 0 to 200 pm), shear rates are apphed in the range of 1 0,000 l/s. A 
relatively high viscosity is.desirable at low shear rates, which stabilises the dispersion as well as 
the applied layer. l)uring the screoi-printing process, the viscosity should decrease di^stically to 
allow the formation of a. layer, on the screen. 

20 In one embodiment, a slight shear thinning eifect could be observed by using 30 wt-% 

pyP in aqueous sohition, the thinner solutions are Newtonian liquids. The molecular weight 
(Mw) of 1,300,000 g/ml is in the upper range of the commercially available products, so that a 
further increase of niolecular weight shoidd not result in a si gnif ^cant increase of iiiherent 
viscosity. The first set of experiments for the synthesis of hydrogels based on acrylamide, 

25 ethylenedimethacrylate (EDM).and 30 wtr%PW was periprmed varying the molar 

monomer/cr6ss>linker ratio between 50 and 1,000. The corresponding swelling experbnents in 
PBS buffer are shown in Figure 4. . . • 

Referring noAv to Figure 4, swelliiig experiments of acrylamide/elhylenedimelhacrylate 
hydiogels incorporating 30 wt% high molecular weight polyvinyl pyrrohdone (PVP) will now 

30 be described. 

Obviously, the equilibrium of the swelling process was not reached williin 48 hours 
showing Q48h values in the range of 9 to 13. Lr comparison wilb the hydrogels based on 
macromolccular cross- jink ers, these substances bad a homogenous appeajance as weli as a 
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increased mechanical strength. Furtberixiorey the. effect, of the amount of rheological additive was 
studied as shown in Figure 5. Whereas the swelling velocity in the t>egtnning was slightly higher 

* . * . « • * 

with decreasing anjoimt of rheologica] additive^ the Q48h values were comparable. 

Refaiing now to Fi gore 5, swelling experiments of acrylamide/ethylenedimethacrylate 
5 hydrogels incorporating different amounts of high molecular wei^t polyvinyl pynrolidohe 
(PYP) will now be described. , 

Analogous expennients were czuried out using polyeihyleneoxide (M^ 
as well as high molecular weight hydroxyethyl cellulose (Mv = 1,300,000 g/mol) as rheological 
additives. Figure 6 shorn the swelling ratio after 60 minutes (aj a value for the initial swelling 
1 0 velocity). In one embodiment, independently on the cross linking density, the hydrogels * 
incorporating PEO as well as HEC achieved significantly hi gher Q60min value in comparison 
with thepVP entrapping modiiication. Apart &6m hydrogels with higher cross-linking density 
Ihe mechanical strength and elasticity of the PEO and HEC variants is lower than the PVP 
modiiication (viscous flow). . ' : 

15 Refening now to the embodiment of Figure 6, swelling experimoits- of 

acrylamide/ethylenedimelhacrylate hydrogels incorporating diilerent rheological additives will 
• now be described. 

Effect of the monomer mixture . • 

20 In one embodiment, the molar ratio of between aciyl amide and sodium acrylale as 

comonomer was varied at constant (molar) monomer/crosslinker ratio of 500 in order to study, 
the elfect of the composition on the swelling characteristics. Grayiinetriclneasurements were 
performed alter 1 0 and 60 minutes as well as alter 48 hours. For reasoiis of (visual) clarity, 
column diagrams were preferred showing the Ql Omin, the Q60rain/3 and the Q4 8h/ 1 5 values. 

25 The poorest swelling characteristics were observed for the pure acrylamide and sodium , 

acfylate formulations. The maximum of the QlOmin and the Q60min/3 values was reached for 
the mixture containing 60 mol-% sodium acrylate and 40 mol-% acrylamide. This optimum ratio 
corresponds with the optimised comonomer ratio which was published for super absorbent 
formulations used in sardlary products . Subsequent optimisation experiments were carried out 

30 using this moiQorocr composition. 

Referring now to Figure 7, swelling experiments of acrylaraide/sodium 

* 

acr>'Jate/ethylenedimcthacrylale hydiogels will now be described. 
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Effect of the cross-jinker concentratioD 

Apart from a desirably high inilial swelling velocity, the control of the cros^linking 

density is an important issue for the exclusion or the migration of the bio compounds in the 

hydrogel. In one embodiment, a low cross-linking density enhances the swelling velocity but 

may lead to inference resulting in expdimental ejror. Therefor^ the optimum hydrogel system 

should allow the variation of cross-linking density over a broad range without influencing the 

swelling properties. These requirement are fulfilled by a hydrogel fonnulation based on 

acrylanide, sodium acrylate and methylene di iicrylamide as described m the patent literature. 

The results of aihalogously formulated hydrogels varying the molar cross-linking density from 

500 to 8,000 as displayed in Figure 8. The syntheas of (hese fomjulations resulted in hydrogels 

achieving Q60min of 6 to 8 and Q48h values of 1 6 to 21 . 

Refening now to Figure 8, swelling experiments of acrylamide/sodium aciylate^TilDA 
hydrogels will now be described. 



15 



20 



25 



30 



Effect of surfactants as additives 

In one embodiment, the surface-active substances as compounds for hydrogels may be 
used especially for superabsoibents. Dried hydrogels (so called xerogels) are capillary systems 
which can be influenced by surfactants with reference to their wettability. The effect of the 
surfactants as additives for the above xnentioned hydrogel formulations was studied by using the 
following agents: Tween 20 and Triton X- 1 00 were used as non-ionic, sodium dodecylsulfonate 
(DBSNa) as an anionic (as one of the important industrial detergent compounds) as well as 
CHAPS (3-[(3-aiolamidopropyl)-diinethyI-anounoiuum]-l -propansulfOT as a zwitterionic 
surfactant (CHAPS is used as the main surfactant for, the hydrophihc membrane for one 

embodiment of an analyte detecting member). Furthermore, two technical wetting agents (bofli. 

non-ionics. Air Products, Dynol 1 04 and Surfynol 604) were utihsed. A reference hydrogel 

without surfactant was synthesized. The surfactants were added in ainoiuits of 2.4 wt.-% the 

wetting agents ill amo^ls of 1 .2 wt.-%. 

Refening now to Figure 9, swelling experimehts of acrylamide/sodium acrylateMDA 
hydrogels v^ali now be described. 

In one embodiment, all surfactants with the exception of the zwitter-ionic CHAPS effect 
* • 

an increase of swelling velocity. Even in case of the assumed equilibriiim swelling ratio the non- 
lomcs and the anionics achieved liigher swelling ratio, although the cross-hnking density may be 
comparable for aJl modjfications and the most of the added suriactrmts should have solved in the 
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buffer. The equilibrium is probably influenced by the surfactants in solution. The amount of 
surfactants was varied in the range of 1 to 20 wt-% in iurther experiments showing only a minor . 
effect on the swelling properties. 

5 Effect of foaming agents 

One of the most important influences on the swelling velocity is the active siiiface of the 
■ bydrogel which'will be discussed below, hi one embodiment, an efficient method to increase 
the active surface of hydrogels is to allow foaming during polymerization. Park et al. (Purdue 
Research Foundation) published probably one of the most efficient methods for the preparation 

1 0 of rapidly swelling hydrogel foams using sodium bicarbonate as foaming agent. Preliminary 
experiments indicated a problematic paste formulation using NaHC03, fiuthemiore a two step 
process by adding a free acid to allow carbon dioxide fonnation was prolematic as well. 
Otherwise, sodium bicarbonate can be replaced by a balogenated hydrocarbon, the standard 
foaming agents for the formation of polymer foams such as polyorelhanes or expanded 

15 polystyrene. Therefore, screen-printable paste are reasonable based in the hydrogel mixture, the 
xheoJogica) additive, the foaming agent, a photoinitiator. and iurther additives. 

According to US Patent >lo. 6,271 ^78, foamed hydrogels based on acrylaniide,.lVCDA 
and methylene chloride as foaming agent were synthesized. After the optimisation of the 
catalyst/cocataJyst concentration, which bad to allow a sufBcienl increase in reaction 

20 temperature to evaporate the CH2C12 as well as a reproducible gelation, the amount of foaming 
agent was varied. In this embodiment, Tween 20 was used as a foam stabilizing surfactant. The 
swelling experiments are shown in Figure 1 0. A foaming agent concentration of more than 3 . 
mol-% resulted in a significant iricrease in Ql Omin and Q6Qmin values. The swelling velocity of 
a hydrogel with 7.7 mol-% GH2C12 was approximately six-fold higher in comparison with the 

25 analogous solid gel. 

3.6 wt.-% of polyethyleneoxide (Ivdw = 900,000 g/mol) was added to the optimised 
aciylamide/sodium acrylate/MDA mixture and the amoimt of foaming agent was analogously 
varied lo the above mentioned experiments. Surfynol 1 04 PA (the alldndiol) was added as 
sujfactant. In this embodiment, the molar monomer/crosslinker ratio was lowered to 345 in order 

» 

30 to allow a rigid foam with small pores. 

The effect of the foaming agent was significantly lower chie to Ihe higher inl^erent 
viscosily of the mixture retarding Ihe evaporation of the foaming agent. This effect could be 
compejisnted by higher foaming agent concentrations. Generally, the fonnation of hydrogel 
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foams led to relatively iirepipdudble lesolls, which limits the application as biosensor 
compound. The applied layers of these. fomfiulation show a problematic macro-porosity on the. 
miniaturised appfication zone of the biosensor. Furthermore, the wetting of these applied layers 
is ihhomogeneous. 

Refening now to Figure 1 0, swelling experiments of acrylamide/MDA hydrogels will 

■ • ■ • 

now: be described; 

« > ■ ■ , 

Referring now to Figure 1 1, swelling experiments of acrylamide/sodium acrylate/MDA 
hydrogels using PEG 900,000 as rheological additive Effect of .CH2C12 as foaming agent will 
now be described. . 
10 . 

■ • • ■ . 

Effect of the active surface ; 

The swelling properties of the optimised hydrogel formulations correspond to the 
requirements for commercially available superabsorbents in case of their equilibrium buffer 
uptake. In order to poinpare the so far used lens-shape samples with powdery, commercially 
1 5 available prckhicts^ several fonnulations were balKmilled. A powdery synthesized hydrogel 
structure based oh acrylamidey sodium acrylale and MDA was compared with cornmercially . 
available hydrogel formulations purchased from Aldrich (cross-linked poly(sodiura and 
potassium acrylate) (see Figure 12). 

Refeiring now to Figure 12, comparison of the swelling characteristics in PBS buffer 
20 using a ball-milled synthesized hydrogel based on acrylamide/acrylic acid and MDA (molar 
ratio = 204/141/1) in comparison with two commercially available hydrogel formulations 
(purchased from Aldrich) will now be described. 

Whereas the equilibrium swelHng ratio of all samples was comparable (Q4 8h ~ 34-43. 
g/g), the initial swelling velocity of the synthesized sample was significantly lower paiiially due 
.25 to an agglomeration of the hydrogel particles, which was not observed for the commercially 
available samples. 

Effect of the swelling medium 

The iniluence of the swelling mediiun on the swelling kinetics has been controversially 
30 discussed in Ihejilerature due to the fact that often the amount of the electrolyte in the sohitions 
have not been described in detail. A common reference is the so far used phosphate buffered 
saline buffer ()>BS, approx. 0.9 wl.-% NaCl) . Tlie drastic influence of the medium on the 
sweiJing kinetics is displayed in Figure 13 sho\yijig the swelling experimen! using the same 
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hydrogeJ sample as in the previous experiment in distilled water, in PBS (pH 7) buffer and in 
500 mM pbospMe buffer (154 mM sodium chloride, pH 7). 

Referring now to Figure 13, comparison of the swelling characteristics of a ball-milled 
synthesized tiydrogel based on acrylamide/acrylic acid a^^ : 
5 distilled water, in PBS and 500 mM phosphate buffer will now be d^^^^ 

Anal6gously,:the swelling was studied using PBS buffer as well in comparison with pig 
blood as swelling medium. In one embodiment, with reference to the equilibrium vahies, the 
. perfonnapce of the eommfaciaHy availaWe systans was slightty loww in blood in cbmparison 
wilh PBS buffer, Mvbweas the Q48h vahie of the synthesized hydrogel sample decreased 
10 agnificintly for the roeasnieinenl in pig blood. Generally, the swelling velocity is drastically 
decreased in blood, although the initial swelhng velocity was comparable for an sample 

Refening now to Figure 14, swelling characteristics of a ball-milled synthesized 
hydrogel based on acrylamide/aciylic add andMDA (molar ratio =204/1 4 1/1) inPBS arid pig 
blood in comparison with two comcmercially available hydrogel products will now be described. 

15 

Rheological properties of the hydrogel precursOTS 

The rheological characterisation of the hydrogel foronilation was performed in parallel 
by means of rotalionDl viscosimetry performing so called flow curve experiments varying the 
shear rate over a broad range. Nonnally. a shear rate ramp is performed from the minimvmi to 
20 the maximum followed by a ramp from the maximum to the minijpum.Thernimmum aid 

maximum is obviously dependant on the device used (comment: the measurements we did 
allowed a variation of the shear rate between 20 to 500 1/s, which is normally not sufficient). 
Ihe detected fimcjion of shear stress is fitted using thb so called Heischel-Bulkley 
approximation aliowing a comparison of multitude of viscoelastic substances and which is 
25 described by the following equation: 

A typical example of a flow curve of a hydrogel precursor paste is displayed in Figure. 
15. Refeningnow toFigme 15 flow curve of a screen-praitable hydrogel precursor paste will 

now be described. • • ' . ' 

The characlerized fluid is structoral viscous (the H.B. index is significantly lower than 
30 1). The calculated yield vahie of-40 Pa was affected by the extrapolation based on the shear rate 
values of minimum 23 1/s. Yield value calculation nonnally start at vahjcs in the raiige of 0.01 
1/ s 01 lower. The leal yield value may be relatively low. 
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• • • » • . 

. Apart firpm the so far discussed compounds (monoiDer coroposition, cross-linlcer. 
Theological additives, sturfactants as well as the photoinitiatbr) the scieeji-prihting process 
requires several plh^ additives affecting the stabiUt^ 
of the applied laver. 

' . . - • ' 

* ■ • . ■ • . • 

5 RefemngnowtoFigufel6,asphotoinitiators,ieveral^ 

tested horn the product lines Darocure and Irgacure (Ciba Specialty Chemicals). Irgacure 500 
: perfoiraed best (the structure is shown in Figure 1 6) du^ 

dispCTsicMi. The photbinitiator was used in combination with TEMED to avoid chain scission 
during the pk)]yinm2at]on due to oxygen. 

10. In one embodiment, Tritoii X- 1 00 was used as an efficiciit emulsifier enhancing the 

stability of the dispersion. Furthermore, a defoamcr was used to mim'mize foam during the 
formulation as well as the screen-piintihg process. The optimum performance was achieved by 
using a dispersion based on organo-modified silicones stabilized with a non-ionic emulsifier 
purchased 6om TEGO/Goldschmidt (Geimany). The use of a retardcr compound is obligatory to 

15 allow the foraiation of a.smooth and homogeneous layer of the film during the drying. 
Therefore, a mixture based on glycols and chlorinated hydrocarbons was used from Prbll, 
Germany. 

The walls of the microiluidic chamber consist of a combination of a UV-curable spacer 
layer and a UVrCurable PSA covered by the so far used hydrophilic cover film. 
20 All Uy-curable foimulations were cured at a hght intensity using a mercury lamp and 

subsequently Ihennally using the standard procedure, A mixture of PEG-roono arid -di acrylales 
was utilized. Non-crosslinked acrylates alter UV-curing can serve as stabiliser/wetting agent in 
the pores of the layer, Furthennore, an acrylamide/methylene diacrylamide (MDA) mixture as 
well as a pj^. 6 buffered acrylamide/sodium acrylate / MDA mixture were used to form a 
25 hydrogel. encapsulating the enzyme. 

Refening now to Figures 1 7A- 1 7C, an overview of the three different variants of sampJe 
capturing stnictures (enlarged shucture) are shd\yn. These sample capture structui es wherein 
certain layers may be screen printed on to an analyte detecting member. The analyte detecting 
member may be on a strip or it may be pail of a cartridge coni aining a phirahly of analyte 
30 detecting meml^Ts. Owing to the better handJing as weJJ as a using of a half automatic 

stamping procedure, in some embodiments, the size of both stnictures were enlarged to 7.2 mm 
-^40 mm (see Figure 8B). 
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As seen in Figure i7A, one embodiiheni 350 is shown without mesh and both holes 352 
have a diameter 6f about 1 mm. Electrodes 351 are shown. 

Refeniiig now to Figures 17B and ISA, another embodiment will now be The 

Figure 17B shows one embodiment 360 with mesh 362. The mesh 362 may acl as part of the 
5 microfluidics. The device has a hole 364 in cover fibn 366 at about 1 .0 nim in diamelen The * 
diameterof the hole 368 m PVC support 370 is about 1.6 mm. Thediameter of thehole 372in 
PSA layer 374 is about 2,6 mm. These elements are more clearly illustrated in the exploded 
perspectiveview shown in Figure ISA. Th^e microfluidics are fonned over the hydrogel layer. 
Figure 1 7C shows a still liirther embodiment 380 without mesh. The devi ce has a hole 
1 0 382 in cover film 366 at about 1 .0 mm in diameter. The diameter of the hole 384 in PVC 
support 370 is about 1 .6 mm. . The diameter of the hole 386 in the PSA layer 374 is about 2.6 
mm. These elements are more clearly illustrated in the exploded perspective View shown in - 
Figure 1 8B. The various layers may have a hydrogel layer 3 87 over the electrodes. 

Refeiringnow tpFigvues 19A-19C, cross-sections of other embodimeiils of the device 
1 5 will now be shown in further detail. In a variation of the device of Figure 1 7C (sip-iiiiGS-SC 4), 
this embodiment of Figure 1 9A is also without mesh. The diameter of the hole 390 in the 
hydrophilic cover iibn 366 is about 1 mm. the dianieter of the hole 392 in PVC support 370 is 

about 1 mm. The diameter of the hole 394 in PSA layer 374 is about 2.6 mm. 

RefemngnowtoFignrel9B,inastillfurtherYariationof thedeviceofFigur^ 17C(GS- 

20 SC 3*), this conbodiment is without a mesh. The device has a bole 400 in the cover film 366 of 
about 1.6 nun in diameter. The diameter of the hole 402 in PVC support 370 is about 1-0 mm. 
The diameter of the hole 404 in PSA layer is about 2.6 mm. As seen iuThe figures, the hole 402 
in the PVC support is smaller in size than those in other embodiments. However, the diameter 
of the bole 400 in the covct fihn is much larger. The various layers described above may be 

25 printed on to the analyte sensing device. 

Generally, the dimension of the structiues on the devices shown in the above figures may 
be as follows: 1) length of the capillary: 2.5 mm, 2) width of the capillary: 0.5 mm, 3) height of 
the capillary: 0.05 irim, and 4) vohune of Duid for the analyte sensing device: 62.5 nl. 

Referring now to-Figiue 1 9A-1 9C, the following figures show cross sections of GS-SC 

30 3*, GS'SC 4,and GS-SC 1 (as labeled in the figure), clarifying the difference of the different 
siunple capturing Structures. The idea of GS-SC 4 is to have a structure consisting only of a 
capillary structure, at least, hi that case, blood has contact to a capillary, the filling process 
happens very ijuicl^ly. Using the sample caplunng structuie having the design of GS-SC 4 
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Mment, blood has inunediafe contacltolhe capillary sunoimdiDg the *op of Wood A 

rap,d 3«l.comple.e f.«i„g of GS-5C 4 has been observed/ As seen in Fi^^ 
caphmng siructure of GS-SC 3* (and also GS-SC 3) is more a mix of top-fill and sip-i„: 

JlefemDgnowtoKgurel9Cand20,inthecaseof6S-SCl embodiment tbenrfcro- 
5 <=«PM^y420maybefox»edbetweenthePSAlayer374amlthehydr^^^^^ ^ 
one case, the PSA layer 374 ha. been appffed by using sc„^pri„,i„g. t^, ^Ihe techm>e the 
edge of the PSA layer are slightly curved (see Figure 1 1). This may be useftl ibr the 
microc^illary. - to addition, by using this sample capture structure the blood vohrme is lower 
than in coniparison to the Other stnichnres. 

10 ."'*°^"«^'^«^«<«<»ftatvi^ous,„elhod^ 

devices shown herein will now be described. Any of the methods descdbed below may be h 
one embodiment, manufacturing of sample caphning structures (batch rfze: 10 sheets) may 
»«='°del)drilUngofholes into PyC-sopport,n) printing of the conduc^^^ 
res.s.ance,lID printingoftbeinsulatinglayer,IV) printing of reference and co™,<* electrodes 

15 V)j>nnlmg of the working electrode (in one eMab«^d,l. the conipoa^^^^ 

mediator/ ,00% buffer compounds/ 50% GODX Vl) printing Of the Bydrophilic membrane (in 
one embodnnent, the iohipoalion may be: PAA/CHAPS), Vll) printing of the spac^lay^r 
ferocess-contro^/^,easuremeplofbaciground and saturation current). Vll])^,p^ 
PSA-layer. IX) applying ofmesh (for the mesh stmcture), X) applying of the cover film 126_2 

having drilled holes, and XD stamping process. Some tobodiments may not invblve drilling of 
holes (holes may be preformed). 

To improve the success rate in an integrated syslen,, some embodiments of the present 
mvendon may have a short cpnnectian between sample capturing structure and the sensor (one 
step production). One method of creating such a structure comprises pffabricatirig the sensor 
5 chamber and the sample capturing structure as the same layer. In one embodiment, the sample 
caphning stmcture consists of hydrophilie membrane layer, spacer layer and hydrophihc coated 
fibn: The hydrophilie layer and spacer layer may be screen printed for sensor chamber and 
sample caphaing structure: to the fabrication procedure there is only one additional step 
(drilling a bole) to get the integrated structure (anolyte defecting niember + SQ. 

Refening now to Fig,ue21. b another embodiment of Ihe present invention, amelhod 
for formmg an analyfe detector will now be described. The method may include using a 
funcionalised. high molecular weight cross.liricers. which can be a thickener on the one hand 
and cross- liiiker in combination wi.h added monome.s in sohuion lo create a printable 
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fonniilatjon in step. 500. Stepi02 sets for the scxecn-printing of the formulation on a substrate. 
Some embodiments may involve screenprinting over the elecfr^^^ in 
Figure 17A. Step 504 comprises drying the formulation. Step 506 comprises UV curiiig the 
formulation, which induces the formation of a cross-linked matrix and minimizes the therrhal 
5 strain on the sensor by using UV curing. The method may further inchide thermal, dbrying of the 
aqueous matrix by means of moderate IR radiation. 

In another embodiment of the present invention, a method for foimmg an analy te 
detector; The method may include formulating polymer dispersions based on a rheological. 
additive (thickener) and a{n aqueous) solution mainly consisting of low molecular weight mono- 
10 and polyftmctional monomers to create the formulation; screen^printing the fomiulation; drying 
the formulation; and UV curing the formulation, which induces the formation of a croiss-linked 
matrix and minimizes the thermal strain on the sensor by using UV curing. 

"While the invention has been described and illustrated with reference to certain particular 
embodiments theieof, Ihpse skilled in the art will appreciate that various adaptations, changes, 
1 5 modifications, substitutions, deletions, or additions of procedures and jwotocols may be made 
without departrog from the spirit and scope of the invention. For example, with any of the above 
embodiments, the low volume analyte delecting member may be used with any of the carrridges 
disclosed herein or in related patent appBcations. Any of the embodiments above may be 
modified to use any sample capture mechanisms described or suggested in copending U.S. 
20 Provisional Patent Application No. 60/609,064. (Attorney Docket No. 381 87-2749) filed on S^t. 
9. 2004. fiilly incorporated herein for all purposes. The hydrogels in that application may also 
be modified with the 3D hydrogel designs and techniques taught in thisT>pplication, thus 
allowing for 3D hydrogel devices for use in glucose monitoring. Some embodiments may have 
hydrogels with pore.sizes as set forth in the Attorney Docket No, 38 1 87-2748 application. Some 
25 embodiments may use low weight mplecular cross-linkers of less than about 700 g/rool. 

For any of the embodimerit above, the present invention may provide for UV curing of 
printed layer to create a 3D hydrogel. The present invention may use a printable paste and then 
apply UV curing. The process may involve printing at specific thickness and using a specific. 
ITV radiation. The present invention provides an in situ paste wilh printed layer. The present 
30 invenlioD provides an improvement in stability of the paste and rheological properties of the 
paste. It should be understood that some of the embodiment above may be modified for use 
wilh GOD lo Ihen be used for glncose monitoring. 
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The publications discussed or cited herein are provided soleJy for their disclosure piior to 
. the iihng date of the present application. Nothing herein is to be cojistru'ed as an adbnissioii that 

the present invention is not entitled to antedate such publication by virtue of prior invention. 
. Further, the dates of publication provided rnay be different from the actual publication dates 
. which may need to be independently confirmed. All publications mentioned her^ are 

incorporated herein by reference to disclose and describe the structures and/or methods in 

connection with which the publications are cited. 

Expected variations or differences in the results are contemplated in accordance with the 

objects and practices of the present invention. It is intended, therefore, that the invention be . 

defined by the scope of the claims which follow and that such claims be interpreted as broadly . 
' as is reasonable. 
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WHAT IS CLAIMED IS: 

1 .. 1. A device comprising: 

2 an electrode; and ... 

3 printable hydiogel or a hydiogel coaling over the electrode.. 

1 2 A device comprising: 

2 an electrode; 

3 printable hydrogel or a hydrogel coating over the electrode for detection of 

4 a cardiac marker, and - 

5 microfluidics coupled to the hydrogel for drawing sample fhiid to the 

6 hydrogel over the electrode, 

7 . wherdn the hydrogel has materials for controlling hydrogel swelhiig. 

1 3. The device of claim 1 further comprising a plurality of electrodes 

2 formed on a radial cartridge. 

3 . 4. A device comprising: 

2 an electrode; 

3 printable hydrogel or a hydrogel coatin&over the electrode for detection of 

4 a cardiac marker; and 

5 . microfluidics coupled to the hydrogel for drawing sample fluid to the 

6 hydrogel over the electrode; 

7 wherein the hydrogel comprises a UV-curable, screen-printable 

8 tunctionahzed hydrogel formulation. 

1 5. A device comprising: 

2 . an electrode; 

3 printable hydrogel or a hydrogel coating over the electrode foir detection of 

4 a cardiac marker; and 

5 microfluidics coupled to the hydrogel for drawing sample fluid to the 

6 hydrogel over the electrode; 

7 wherein.low molecular weight cross-linkers were used in the hydrogel. - 



] * 6. A device comprising: 
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^ ~ . • an electrode; 

3 P'^'*'^ ^y*«e««'>'»hydr6gel coating over (he d^^^^ 

4 a cardiac marker sucJb as H-FABP; and 

5 microfluidics coupled to the hydrbgel for drawing sample fluid to the 

6 hydrogcl over the electrode. 



2 



7. The device ofclaiin 6 further a radial cartridge oi, which ap^ 
of electrodes are mounted to provide a plurality of analyte det ecting members on said 
3 cartridge. 

1 . 8- A device comprising: 

2 an elechrode: 

3 . printable hydrogel or a hydrogel coating over the electrode for detection of • 

4 a cardiac iriarlcer; and 

5 ^^^'^^^^^^^^^^^ to the hydrogel for draw^^^^^ . 

6 hydroge] ovej the electrode: 



7 

1 

2 

1 



wherein the hydrogej includes a vinyl fiinctionahzed polym 



er. 



9, The dei^ce of clairo 8 wherfein the woildng electrode is fon^^^^ 
from a composition of: 50% mediator / 1 00% buffer compounds / 5.0% GOD. 

1 0. The device of cJaim.8 whejein PEOs with molecular weight 



2 between 2,000 imd 1 00,000 g/mol is inchided in the hydrogel. 

^ A device comprising: 

^ an electrode; 
3 

printablehydrogel or a hydrogel coating over the electrode for dejection of 

4 a cardiac marker; and 

5 '^^^^''^^/^o^P^ed to the hydiDgel for drawing s^^^ 

6 hydrogel over the electrode. 

' 12. A method comprising: 

2 . using a Iwclionalised. high molecular weight cross-linkers, which can.be a 

3 thickener on'the one hand and cr^ss-linker in combinalion with added monomers in 

4 sohjiion to create a printable formulation; 

screen-prinling Ibe foiroulaiiofi; 
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6 drying Ibe fonnulation; and 

7 UV ciiring . the fomulatipB, which induces the fonna^^^ i 

- • . • . ■ ' . "• ' 

8 matiix and minimizes the therroal strain on the sensor by using UV cum . :' 

1 13. Themethodofclaim 8 further comprising theiipal drying o . . . I 

• - • • 

2 aqueous matrix by means of moderate IR radiation. . | 

■ 

1 14. A method comprising: 

2 formulatingpolymer dispersions based on a rheological additive :' 

3 (thickener) and a(n aqueous) solution mainly consisting of low molecular weight 1. 

• 

4 and polyfiinctional monomers to create a formulation; f 

5 screen-printing the fprmiilation; . i 

6 drying the fonnulation; and 

7 yv Cluing the fonnulation, which induces the ibrmalion of ^ } 

■ • • • • 

8 matrix and nnnimizes the thermal strain on the sensor by using UV curing. 

1 15. A method comprising: 

2 formulating polymer dispersions to create. a formulation; 

3 - . screen-printing the formulation; _ 

4 drying the fonnulation; and 

5 UV curing the formulation, which induces the formation of a cross-linked 

6 matrix and minimizes the thennal strain on the sensor by using UV curing; 
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Figp 1: Two-step-one-pot synthesis ojf vinyJ-tenjiinaledpolyelhyleneoxides 
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Tab.1: Ovaviewof the synlbesiscdPEO based m aaromers 
Ko. MwffEO) isckryanate ""chain extepdcr 



dyn. vise. [mPas]* T [X] 



cduct. 10,000 
educt 20,000 
educl 100,000 
. 10,000 
37/89 20,000" 
90 100,000 



61 
43 



39 
40 
43 



10,000 
20,000 



45/62 . 20,000 

46 20,000 

47 20,000 



20,000 
20,0Q0 
20,000 



IPDI 
IPDl 
IPDI 



TDI 
TDl 



42 20,000 
63 20,000 
44 . 20,000 

reactiOBCond.: 



JPDJ 
TDl 
IPDI 



23.4 
52.6 
1,584(1061/5) 



. 15.3 
47.2/40.0 
9.82 



53.8 
. 122.1 



TDl EG (50% based on PEO) 
TDl EG (60% based on PEG) 
TOl EG (75% based on PEG) 



1753/144,0 
56.6 
60,9 



IPDI EG (50% based on PEG) 
IPDI EG (60% based on PEG) 
IPDI EG (75% based on PEG) 



49.S 
45.3 
70.3 



TMP 
TMP 
PDA 



78.0 

118.8 

45.1 



21.6 

22.2 
\9S 



. 17.9 
22.9/242 
. 21.2 . 



23.0 
23.9 



22.6ra.9 
722 
21.6 



22.7 
24.4 

24^4 



24.2 
21.8 
23.7 



20-50 g PEO, 200 inol-% (based on OH) diisocyaBalc, 2 mQV% dibuty» tin 
daaurale. 2-4 b, amb. lemp. 1,000. n«>l-% HEMA. JPTO: isophoione 
diisocyanalc; TDl: lo!iiy)«je diisocyanalc 

EG: ethylene glycol; TMP: trinwfljylolpiopajic. PDA: p-phonylcnc rfiDimnc 
♦ : 20 wt-% aqueoiss sohiHon (C25 bci 500 J/s) 
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Tab:2:SwcHmg experimeDfs in PBS bufler of Jiydrogels based on 50w1.-% macromer and 
50wJ.-%HEMA V 



compounds. 


non-swoJlen bydrogel 


swollen hydrogel 


Qib 






yellow, axnber-like 


white, opaque, homogenous 


0.41 


4.64 


' PEO20,00(yiPDl 


• pale yellow^ opaque 


• ... 
white, opaque, homogenous 


* 

0.50 


5.41 


PEO100,000/PDl 


no cioss-linldng 








. PEO20,000/IPDJ 


pale"vellow ODaoue 


wjjjic, updL{.uc, nomogenotts 


P.50 


5.41 


. PEOI0,G00/TDI 


ycJlow-brbwn, opaque 


loss of sUmcture 


0.61 


2.87 


rs£\J/\)JJ\i\M X JDJ 


bjown, opaque, bubbles. 
. . entrapped ■ 


sponge-Uke, 
loss of structure 


0.44 


3.20 


PiiU2O,00w 
IPDI/50%EG* 


• yellow, opaque 


white, opaque, fcvy bubbles 


036 


3.84 


PE620iOOO/ 
IPI>1/60%EG* 


yellow-brown, opaque, 
bubbles entrapped 


white, opaque, inbcnnogeneous, 
bubbles 


0;46 


4.75 


PEO20,000/ 
IPDF75%EG* 


pale yellow, bubbles 
entrapped 


yelloTv corci,; 
white smroundingi bubbles 


0.70 


5.07 


PEQ2O,00Oy 
TD1/50%EG* 


yeJ3ow:-brown, opaque 


inhomogeneous, 
viscous fldw 


0.39 


1-04 


PEQ20,000/ 
TD1/60%EG* 


pale yellow 


while, opaque, 
bubbles 


025 


0.94 


; Pe62O,0OO/ 
TDI/75%EG* 


pale yellow, opaque 


. white, opaque, 
homogenous 


0.23 


1.15 


PEO20,0i00/ 
ffDl/TMP 


yellow, opaque, 
inboiDOgeneous 


■ ■ — — ■ - 
yellow core, 

white sunounding 


0.50 


5.41 


PEQ20,00(y 


ijp cross- linking 








PE020,000/ 
IPDI/PDA 


pale yellow/opoque 


white, hoiOQOgehous, q>aque. 


0.25 


1.31 


*: D»)-% based on PEO 
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Tab.3: Swelling exp^iments in PBS buHer of hydrogeb based on 50wt.-% macromer and 
50 wt.-% acryJaroide 



compounds 


'Bon-sw.oJ)en hydrogel 


swoDen hydrogel ' 


Qib 


Q48h 


PEOl0,00p/IPDl 


white, deformation dming 
■ drying 


viscous flow 


2.09 


14.72 


PEQ20.bo(Wpra 

* 


white, deibnnation dining 
drying . 


viscous flow 

• • * 


2.00 


n.d. . 


PEO100,000/IPDi: 


no (^OSS-linking 








PEO10,000/TDl 


white, defonnation dming 
drying 


viscous flow 


1.07 


n.d. 


PEO20,000/rDl 


yellow-brown, defonnation 
during drying 


yellow, viscous flow 


L40 


5.9] 

• 


n;d.: not detchnixied doe TO YX5C0U5 /low 



Tab. 4: Swelling experiments in PBS bufler - Variation of acrylainideAnacToiner ratio 
. PEO 20,000 macromer 



mol. ratio 
AA/macroiBer 


non-swollen hydrogel 


swollen hydrogel 


Qih 


Q4Sb 


60/125 


DO cross-linking 








250 


slow and nol quantitative 


white, homogenous. 


2,40 


930 




polymerisation 


elastic gel 






500 


white, opaque, homogenous 


viscous flow 


2.27 


19.84 


1000 


white, opaque, homogenous 


viscous flow 


1.72 


n.d. 



n.d.: not detemuDcd due to viscous How 
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Swelling experimenls in PBS buffer - Variation of acryjamide/inacroxner ratio 
-PE01Q,OOOinacroDQcr 



mo), ratio 
AAhaxmaiet 


Don-swoUen hydrogel 


swollen hydrogel 


Qih 


Q48h 


60fl25 


no cross-linking 




• 




250 


slow and not quantitative 


. white, homogenous. 


1.91 


16.51 




polyinerisation 


elastic ge] 






500 


while, opaque, homogenous 


white, homogenous. 


1.08 


4.99 






elastic gel 






1000 


whiter opaque> homogenous 


*. white, homogenous. 


1.95 


17.26 






. elastic gel 








OR 

PVP pEo HEC:R = H,C2H40H 

CMC; R= R CH2COO»Na 



Fig. 2: Used monomers, cross-linkers and rheological additives 
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4J0- 

3,0- 
2.5- 

2:0- 



0,0 



10 Gbw-% PVP 
-•-;20Gewr% PVP 
-»--30G«i»-%PVP 



— T — 

20 



30 



40 



50 



nr" 



—I > T— 

70 90 



— » 
90 



Scberrate lite) 



Fig. 3: Flow curves of aqueous solutions of 10^ 20 and 30 wl.-% PVP (UOO.OOO fi/ml) 
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14 

12 tI 
10 

* e- 

6- 
4- 
2- 



— »^ AoylamW/EDM (50/1) 
— AaybniH/EDM (lOtVI) 

Acfytomld/EDM (2000) 
—T^ AcrytainliVEDM {50071) 

Aoyfanrfd/EDM (1000/1) 




I — 
500 



1000 



I 

1500 
t [mm] 



2000 



— I — 
2500 



3000 



Fig. 4: Swelling experiments of acryJamide/elhyJenedimelhacrylale hydrogels incorporating 
30 wt>% high molecniJar weight polyvinyl pyiTolidone (PVP) 



leacbon conditions: 



50 mnool aoyJamide, 0.05-1 nmaol EDM, 10 m) 30 wl..% aqueous PVP 
solulioii, 230 pi TEMiED, 1 15 pi 20 wl -% APS soliiHon . 

swcUbg in PBS buffer, pH 7, 23 "C 
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Z2.0 GeM^% PVPfBRfi GBfti#>% Aoytainid/EDM POQ/I) 
.^—3SA Gev#-% PVP(53J5 Gerw-% AcnMihVEDM (20Qrt) 
- 46;: 6e«^% PVp/53.8 Gew>% AcrytamM/EDM (2D0iri) 




.500 



1000 1500 

t Imin] 



200O 



3000 



Fig. 5: SweJling experiments of acrylamide/ethylenedimethacrylate hydrogeJs incoiporating 
difTerent aropuiats of high molecular weight polyvinyl pyrrolidone (PVP) 

reaction condhioiis: 50 mmpl acfyhmidc, OJ25 minol EDM, 10 mJ 10, 20 6r 30 wt.-% aqueous 

PVP 5ohitN>ii, 230 }i) TEMED. 1 J 5 pi 20 wl.-% APS solution 



STVcD jng in PBS puffer, pH 7, 23 
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3^- 

3.0- 
2.5- 

■ 

cT 

0.5 



^^4B.2 Gw..% PVP (hochmotekular) 

ISa^ 1 l.t Gew^% PEO900L000 
mm 4.2 eew^% HEC (hochmolekulav) . 



1 


I 


1 




I 


>■>: 


< • 




■ 




















•* 






























son 



10(V1 



250f1 50Q/1 
Acrytanwt/EDM 




L 



V 



J'" '-. 

I ? 



1.000/1 



Fig. 6: SweUing experimenls of aciyJaimde/etbyleBedimethacryJate hydrogels incpiporating 
diirerenl Theological additives 



icacboiD conditiom: 



50 miDol acxybixttde, 0.05-1 mmol EDM» 10 ml 30 wt-% aqueoxjs PVP 
sobtiOD (alteniatively 1 0 ml .4 ^vt.-% PEO or 1 .5 \vt.-% HEC solution), 
230 pi TEMED J 15 pi 20 TVt.-% APS-Lsg. 

sweiling in PBS bnfier, pH 7, 23 *C 



•I 
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2.00 1 
V5- 

1.00- 
0J5 
0;50 
025 
0.DO 



PMIOOimi^^Ha^oyisA • 




• i 

t 

i 

« 



n 



/1 5 



Fig. 7: SwelHng experiments of aciylamideysodhini acryjDte/ethyleoediniethacorlale hydrogds 



leactiDn ccmdiHoDs: 



50 iniDol Bciybmidcfl^a acryJale, O.I mmol EDM, 
230 p] TEMED, J ) 5 pi 20 wt-% APS solution 

swcDiDe in PBS buffer, pH 7, 23 
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jMiiOC/DMA: 



: 8000 (molar) 
'4000 (molar) 
-2000(mobr} 
1000 (molar) 
500 (molar) 




Hg. 8: Swelling otperiments of aciylamide/sodium acrylale/MDA hydrogels 
Variation of cross-Jinking density . 

«3ctmD conditions: 23:65 miDoI ^odiiini aciyfetc, I5J5 nimoi aoylamide/ 0.005 to 0.08 ramol 

MDA, 5 wt.% Twcea 20 (200 ««X 230 pi T^ED, 115 20 wt-% APS 



. sohitiob 

swcUing io PBS buffer, pH 7, 23 "C 
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tarn 2.Sa Gbv*-% Iween 20 
BSQIi^ pyno) 104 

2.4Gew-%TntonX-100 
2,4 Go¥-% CHAJ>S 
kelntwistd • 




Fig. 9: Swelling expemnents of acrylaniide/s^^^ 
Effcd'of added surfactants/wetling agents 



leaction condititnis: 



28.75 nunol sodium aciylatc, 20 mmol acrylanude, 0,121 oimol ^^DA, 

1.2wt.-% wetting agcDl or 2.4 .wt.-% surfactant, 230 m1 TEMED. 115 pi 

20 wt-% APS so)nlioB» . — 

TivccB 20: sorbilaDCstcrc1lK)Xyblc,I)yiK>l 104: aDdiMlio) elboxylatc 

DBSNa: dodecylsulfonfc acid sodium sail; Suifynol 104 PA, aUdudio) 

TiitonX-lOO: alkylplwDolcthoxylati: 

CHAPS: zTtvittci-ionic cbolic acid derivative 

swcIUsg in PBS buffer, pH 7, 23 X 
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a 3- 



0.77 «»(*% CHjO, (bez. aui htanomne) 
_ ^-54 nic*-% CH,a, {bot auf MDnomera) 
j*** »«*•% CHjO, {bez. auf Mononnre) 



Poly(N9-Aayb|.co-MDA) 
5 6owi% Tweon 20 




Fig. 10: Swelling experiments of aciylamide/^ 

fiilcct of CH2CJ2 as foaming ag^t 
reaction condiHoDK ^^Oinmolsodiunraciybt^ 0.02 n^^^ 

swelling in PBS buffer, pH 7, 23 ?C 



Fig. II; 



Po»y(Na-Aco''a'-co-Ac7ytemlrf-corMDA) 
Wa-ASIAAflk(!DA = 204/14 W1 (molai) 



3.5 
3.0 
2.5 
2.0 



0. 77 11101-% CH,a^ (bitt out Monomere) 

1. M rT)o^% CMjCIj (bez. airf Monomere) 
3.35 tnoi-% CH^Oj {bez. bu| Monomere) 

CHjC^.(boi..aul Monontore) 




Q- /15 



3.B Gm.% PEO900.000. « Gen-X Si»lynal 

SwcUing experimeDts of acrylaniidc/sodium aciylateMDA hydrogels using 
PEO 900,000 as Theological additive - Effect of CH^Ct as foaming agent 



lection conditioiis: 



28.75 mrool sodium acrylaic, 20m,iM>| acryJainidc, 0,12 J mmol MDA, 
U Smiynol 104, 230m) TJEMED, JJ5 pi 20wt.-% APS solution! 

0.31-3.1 jnmolCHiCi, 



swclJoig in PBS buffer, pH 7, 23 
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PAA, vefnebl oeinaU US 6271278 B1. pH 7 



deuBkh niecblgor durch AggtorneraUon 




Ouethmg In PBS-PoJfer 



Fig. 12: Comparison of Ihe swelliog characteristics in PBS bulTer using a ball-milled 
synthesised hydrogd based on acrylamidc/acryJic acid and MDA (molar ratio = 
204/141/1) in comparison with hvo commercially available hydiogel fomiu- 
lations (purchased j&om Aldrich) - 

Reaction ciaiditioias: 



2S.73jxiiDol sodium acrytetc, 20nimol acrylaimdc, 0.121 mmol MDA, 
0.5Trt..% Twccn20, 3.6 wt.-% PEO 900.000, 230^1 TEMED. 115 ji! 
20 yA.-% APS solution 



sweUing (comment- in teo-boff) in PBS buffer^ pH 7, 23 **C 
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13: 



175- 
150- 
125. 
100- 



PBSI>uffer tpH 7) 
-•-desLWasser 

SOD mfn^ Phosphal (dH 7> 



•I- 



* 




-it 



3000 



.4000 



annp:^n of fte swelling cbaractensUcs of a >,ll-„,jl,ed sy„«,esised 
hydrogel based o. aco^lamide/ac^Hc acid and MDA (molar ratio = 204/141/)) 

ID distilled water. iB PBS a»d 500 mM phosphate buffer 

Kcacnon conditioiis: 9«7<. i 

..28.750™^ sod.«„ ac.,l«c, 20™mol acryh^e, 0,2, ^ 



4 
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W I PolytNa- Aciyt3t)L vemetzt (AbfticbX pH 9^ 
ess PDly(K-Acoto»)L veroetzi (AlibicbjL pH 9;1 
IBM PAA, veinebt genidB US 6271278 B1, pH 7 




Fig, 14: Sin^elliDg characteristics of a baJl-miUed synthesised hydrogel based on 
acrylamide/acrylic add and MDA (molar ratio = 204/141/1) in PBS and pig 
Wood in comparison with two commeicjally available bydrogej products 

sTVciliBg fcoOTOTen/: »» /CO- togj^ )D PBS buJfci, pH 7 ra pig Wood, 23 

Fhb Herschel Bulkley yield value [Pa] 

c . flow coefficient [Pas] / Herscbel BulkJey viscosity 7/HB 

D shear rate [1/s] 

p Herschel BuBcley index 
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W 2.68 6Grvt^% Tween 20 

agea 1,2 oyhc^ 104 

■■I 2.4 pBSNa 

2.4Gew-%TntDnX>iDO 
2^4 GoM^% CHAPS 
JtelnTensld 



0 — 0 



Fig. 15: 



ibrmubtioj): 



■ 

• * 

Flow curve of a screen-pruitatrle hydrogel precursor paste 
Calculated H.B. paxaraelers (yield value: -40 Pa, c = 22 Pas, 
p = 0.4187, correlaD'on coeificient: = 0.999 bei 22.5 **C) 

Theological adtHHve: 1.6 gPEOPOO.OOO . 

roonoiBcrs: 36.75 ml 3^ M (sodium aciylalc/aciytumile (inoJar 59/41) solulion 

cross-linlrer: 0.6 ml 0. 1 M MDA sohifios 

sorfaclaijte: 400 mgSui^ollCM PA, 330 mg Triton X-lOa 
285 nig dciboroer cmuJaion (TECO/GoJdschmitt) . 
1.65 g jctBider (Pi oil) 

jibotDinitiatoi: ISOmgligacwe 500' 
cofcata^jrsL' 150 mg TBM£D 



. ■ I . . 
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50:50 



Fig. 16: Structure of the used photoinitiatoT (Irgacure 500) 
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drop of blood micro-capjlbry 
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